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Abstract; [ Aim] This study aims to further reveal genotypic polymorphism of Spodoptera litura 
nucleopolyhedrovirus (SpltNPV) in the wild based on genome sequences. 【 Methods] The virus clones 
A;, F,, X, and Xj were isolated from SpltNPV Egypt stock, Fukuyama stock and Ogasawara stock by in 
vivo cloning technique, respectively. According to the complete genome sequence of SpltNPV ( GenBank 
accession no.: NC. 003102) and some SpliNPV gene sequences ( GenBank accession no.: X99377, 
X99376 and X98924) , primers were designed. Polyhedrin and ORF18 - ORF23 of A;, F,, X, and Xj 
were obtained by PCR amplification. [ Results] According to the polyhedrin sequence, A, and F, belong 
to SpliNPV type, while X, and X,; belong to SpltNPV type. The homologous comparisons of ORF18 - 
ORF23 were done between A,, F,, X,, X4; and SpltNPV or SpliNPV. The results showed that F, shares 
high nucleotide identity with SpliNPV , and X, shares high nucleotide identity with SpltNPV , but only 387 
bp is deleted at 172 — 558 nt of ORF20. Though X,; belongs to SpltNPV type according to the polyhedrin 
sequence, ORF18 - ORF23 all share high nucleotide identities to those of SpliNPV, and as a SpltNPV- 
unique ORF, ORF22 is deleted in X,, genome. A, belongs to SpliNPV type, and the corresponding 
ORF18 - ORF20 share high nucleotide identities with SpliNPV, but ORF21 shares 100% nucleotide 
identity with that of SpltNPV. As a SpltNPV-unique ORF, ORF22, however, appears in A, genome, and 
shares 100% nucleotide identity with that of SpltNPV. Furthermore, ORF23 shares high nucleotide 
identity with that of SpliNPV. [Conclusion] These results indicate that SpltNPV in the wild possesses 
genotypic polymorphisms, and moreover, the genomes of these virus clones with the same genotype have 
significant differences. The natural heterogeneity can be exploited to develop NPV strains suitable for the 
control of S. litura. 
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1 INTRODUCTION 


The common  cutworm, Spodoptera litura 


( Fabricius) , that feeds on over 80 species of plants 


(Okamoto and Okada, 1968), is one of the most 


economically important insect pests in many 
countries including Japan, China, India, and other 
countries of Southeast Asia. Nucleopolyhedroviruses 
(NPVs) that infect S. litura have been isolated from 
several Asian locations, and some isolates have been 
tested for controlling larval populations of S. litura 
and recognized as a potential alternative for the 
management of this insect. According to in vitro host 
range, polyhedrin (polh ) size, peptide mapping and 
DNA homology studies, S. litura NPV ( SpItNPV) is 
separated into four distinct groups: group I, isolates 
californica NPV 


corresponding to Autographa 


( AcNPV) ; groups II and IV, two different groups of 
isolates of Spodoptera littoralis NPV which had been 
previously characterized as SIINPV-B( or SliNPV-T) 
and SLNPV-A( or SLNPV-D) , respectively ( Kislev 
and Edelman, 1982; Cherry and Summers, 1985; 
Croizier et al., 1989); and group I, isolates not 
corresponding to any reported virus group ( Maeda et 
al., 1990). Nine Asia isolates of SpltNPV and an 
Egyptian isolate of SpliNPV could be broadly divided 
into two groups based on restriction endonuclease 
(REN) patterns: SpltNPV-type and SpliNPV-type 
( Takatsuka et al., 2003). 
The phylogenetic tree 


analysis based on 


nucleotide sequences of the polyhedrin genes 
indicated that SpltNPV could be broadly divided into 
three groups: SpliNPV type, SpltNPV type and S. 
exigua NPV (SeNPV ) type. SpliNPV type and 
SpltNPV type are clustered into one clade, but 
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SeNPV type is far from SpliNPV type and SpltNPV 
type, and positions within a monophyletic clade 
together with SeNPV and S. frugiperda NPV 
(SENPV) (Liu et al., 2011). One hundred eighty- 
nine clones obtained from the SpltNPV-infected 
larvae collected in Japan exhibit 33 distinct REN 
patterns that represent three distinct NPV types, 
designated as type A, type B and type C. Type A 
corresponds to SpliNPV-D or SpliNPV-B, type B 
corresponds to the NPVs widely identified in S. 
litura larvae in Japan, China, and the Philippines 
(Maeda et al., 1990; Lavifia et al., 2001; Lavifia- 
Caoili et al., 2001; Pang et al., 2001; Takatsuka et 
al., 2003) , but type C is different from type A or 
type B, and is a novel NPV type that is pathogenic to 
S. litura ( Kamiya et al., 2004). In the present 
study, 5 pairs of primers were designed based on 
SpltNPV genomes and some  SpliNPV gene 
sequences, and polyhedrin and ORF18 — ORF23 of 
four SpltNPV obtained by PCR 
amplifications. Through homologous comparison of 
these sequences with those of SpltNPV or SpliNPV, 
it was found that SpltNPV not only possesses 


clones were 


genotype diversity, but also even if in one genotype, 
the genomes of these virus clones have significant 
differences. The natural heterogeneity of SpltNPV 
SpltNPV 


will provide a theoretical basis for 


exploitation and utilization. 


2 MATERIAL AND METHODS 


2.1 Insects 

S. litura larvae were collected from cabbage 
fields in Nanjing, Jiangsu Province, China, and 
reared in the laboratory at 28 + 1%C , 50% — 60% 
RH and a 14L: 10D photoperiod. Larvae were group 
reared on wheat germ based artificial diet in column- 
form glass jars (30 cm in diameter, and 20 cm in 
height) up to the 4th instars, and then individually 
in six-well tissue culture plates. Pupae were kept in 
similar glass jars and, on emergence, adults were 
paired in glass cages (30 cm x30 cm x30 cm) and 
provided with 5% sugar solution as the food source. 
Paper was provided as the oviposition substrate, and 
eggs were sterilized with 5% fomaldehyde solution. 
After hatching, larvae were reared as described 
above until the desired developmental stages used in 
the experiments were obtained. 
2.2 Virus preparation 

SpltNPV isolates were originally collected from 
diseased larvae of S. litura in Japan, and the clones 
were isolated by in vivo cloning technique ( Guo, 
2005 ) and kept in Crop Pest Laboratory, Institute of 


Plant Protection, Jiangsu Academy of Agricultural 
Sciences. A, clone was isolated from Egypt stock, F, 
clone was from Fukuyama stock, X, and X,, were 
stock. All had been 
propagated in S. litura larvae. Polyhedrin occlusion 
bodies ( POBs) were obtained through feeding early 
4th-instar larvae with artificial diet contaminated 


from Ogasawara clones 


with the appropriate virus in six-well tissue culture 
plates. The infected larvae were reared at 29°C , 
50% RH and a 14L: 10D photoperiod, and collected 
after death. To produce sufficient viruses for 
experiments, POBs were recovered from a pool of 
infected larvae and purified, first by filtration 
through cheesecloth to remove larvae debris, and 
then by centrifugation at 500 r/min for 5 min and at 
3 000 r/min for 15 min. The pure POBs were stored 
at 4°C until use ( Guo et al., 2007a, 2007b). 
2.3 Virus DNA extraction 

Viral DNA was isolated from approximately 10* 
POBs in 300 mL of water. POB suspensions were 
treated with a one-third volume of 3 x DAS (0.3 
mol/L Na,CO,, 0. 5 mol/L NaCl, 0. 03 mol/L 
EDTA, pH 10.5) at 37°C for 5 min to dissolve the 
Undissolved POBs and other 
pelleted by 
centrifugation at 8 000 r/min for 8 min. The virion- 


polyhedrin matrix. 
heavy particulate material were 
containing supernatant was transferred to sterile 
microcentrifuge tubes and incubated with proteinase 
K (200 mg/mL) at 45 to 50°C for 2.5 h and then 
with 1% sodium dodecyl sulfate (SDS) for an 
additional 0.5 h. Viral DNA was extracted once with 
an equal volume of TE | 10 mmol/L Tris, 1 mmol/L 
EDTA (pH 8.0) | buffer-saturated phenol and twice 
with equal volumes of TE buffer-saturated phenol- 
chloroform-isoamyl alcohol (25: 24: 1, v/v). The 
DNA suspension was dialyzed against three to four 
changes of 0. 01 x TE at 4°C for 48 h. The DNA 
yields ranged between 60 — 90 mg ( Mufioz et al., 
1997). 
2.4 PCR analysis 

The polymerase chain reaction ( PCR) was used 
to amplify the virus genes. Primers used in this 
experiment were in Table 1, and these primers were 
designed based on the sequences of polyhedrin genes 
( GenBank accession no.: AY600451), SpltNPV 
genomes ( GenBank accession no.; NC. 003102) and 
some SpliNPV genes ( GenBank accession no.: 
X99377, X99376 and X98924 ) deposited in 
GenBank. PCR was performed by using 10 pL 
buffer, 8 uL MgCl, (25 mmol/L) , 8 uL dNTPs mix 
(2.5 mmol/L each nucleotide) , 2. 5 U Taq DNA 
polymerase (Promega), 100 ng each primer, 30 ng 
template DNA and H,O to a volume of 50 uL. A 
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total of 30 reaction cycles were performed with 
denaturing at 94°C for 1 min, annealing at 55°C for 
1 min, and extension at 72 for 2 min, following a 


final extension at 72°C for 10 min. After 
amplification, 10 uL of the reactions were used to 
confirm their correct size by agarose gel 
electrophoresis. 


Table 1 PCR primers used in this study 


Amplified gene Primer name Nucleotide sequence (5' -3') 


F ATGTATAGTCGYTAYAGYGCCTACA 
polyhedrin 
R TTARTABGCGGGTCCGTTGTAHAGA 
P, AGGTGATGATTGAATAGGACATGGAA 
P, GTCGATCASATTCTAACGTTTCTGC 
P4 GCAGAAACGTTAGAATSTGATCGAC 


ORF18 - ORF23 P, TGACKTCGATACATTTTTACGCGTG 


P; CACGCGTAAAAATGTATCGAMGTCA 
Poa TGTTGTCTTCCGACTATGTTACCCAA 
Pen TICTGAACTCATCATGTCTTACGACC 


2.5 Gene cloning and sequencing 

The amplification products were inserted into 
pGEM-T easy vector ( Promega). The products of 
the ligation mixture were transformed into competent 
Escherichia coli cells (TG1). Transformed E. coli 
cells were then inoculated in LB agar dishes 
containing ampicillin, IPTG, and X-gal. Totally 10 
white colonies were selected for further analysis. The 
plasmids from these colonies were extracted and 
digested with EcoR [| to 
insertion. Three positive clones for correctly inserted 


confirm the correct 


fragment were picked, sequenced using universal 
M13/pUC forward and reverse 
primers synthesized at Sangon Biotech Company 
(Shanghai, China). 
2.6 Data analysis 

SpltNPV polyhedrin and other gene sequences 


primers, 1. e., 


used in this study were downloaded from GenBank. 
The obtained sequences were compared with the 
sequences in the GenBank using the BLAST program 
( Altschul et al., 1997). Alignment of nucleotide 
sequences or amino acid sequences was operated 
using Clustalw2 ( http://www. ebi. ac. uk/Tools/ 
msa/ clustalw2 ) . 


3 RUSULTS 


3.1 Homologous analysis of polyhedrin 
Polyhedrin genes of the virus clones A,, F,, 


X., and Xj were PCR using 
polyhedrin-specific primers F and R. The results 


amplified by 
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manifested that polyhedrin genes from four clones are 
all 750 bp in length and encode a peptide of 249 
amino acids. Alignment of polyhedrin genes and their 
homologues showed that the nucleotide sequence of 
A;-polh shares 99% identity with that of SpliNPV- 
polh (GenBank accession no.: AY600451) with 5 
necleotides different, which are located at 12 and 15 
nt (c-t), 726 nt (a-t), 729 nt (c-a), and 733 nt 
(a-g), respectively, correspondingly only 1 aa 
different, located at 733 nt ( T-A). F,-polh also 
shares 9996 nucleotide sequence identity with that of 
SpliNPV-polh, 3 different nucleotides are located at 
12 and 15 nt ( c-t), and 729 nt (c-a), 
respectively, but no amino acid sequence difference 
was found. X,-polh share 99% nucleotide sequence 
identity with that of SpltNPV-polh with only 3 
nucleotides different, located at 90 nt (c-t) , 735 nt 
(g-c), and 747 nt (t-c) , respectively, X,;-polh 
share 9996 nucleotide sequence identity with that of 
SpltNPV-polh with only 1 nucleotide different, 
located at 747 nt (t-c) , and the encoded amino acid 
sequences are all the same. All these results based 
on polyhedrin sequences analysis indicate that X,, 
Xs are the members of SpltNPV genotype, while A, 
and F, belong to SpliNPV genotype. 
3.2 Cloning of ORF18 — ORF23 and homologous 
comparison 

By using primers P, and P,, P, and P,, P;and 
Psa, and P, and Pp, respectively, 12 fragments 
about 2 000 bp in size were amplified from A,, F}, 
X,, and X,; genomic DNA (Fig. 1). The fragments 
were cloned, sequenced and assembled, finally the 
four sequences about 6 000 bp in length were 
obtained, including ORF18, ORFI9 ( p10), 
ORF20, ORF21 (074) , ORF22 and ORF23 (771) ， 
with the GenBank accession numbers of GU446712 , 


GU446713, GU446714 and GU446715 , 
respectively. 
Alignment of ORFI8 - ORF23 and its 


homologues showed that X, shared high identity with 
SpltNPV, ORF18, ORF19, ORF21, ORF22 and 
ORF23 share 9996 identities with the homologues of 
SpltNPV , only 387 bp is deleted at 172 — 558 nt of 
ORF20. F, and X, share high identities with 
SpliNPV, their ORF18 are completely identical with 
that of SpliNPV, and their other ORFs share 99% 
identities with those of SpliNPV. The most 
interesting was A, clone, its ORF18, ORF19 and 
ORF20 share 100% , 99% and 99% identities with 
that of SpliNPV, and 91%, 91% and 85% 
identities with that of SpltNPV; its ORF21 shares 
99% identity with that of SpltNPV, and only 90% 
identity with that of SpliNPV; ORF22 is unique to 
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Fig. 1 PCR products of several SpltNPV clones by 
agarose gel electrophoresis 

M: DNA marker DI 2000 + 15000; 1 —3; PCR products amplified with 
primers Ps and P, 4, , P4 and P4, and P, and P, from A; respectively; 
4 —6; PCR products amplified with primers Ps and Pe , , P4 and P,, and 
P, and P, from F,, respectively; 7 - 9: PCR products amplified with 
primers P, and Pg, , P4 and P4, and P, and P, from X,5, respectively; 
10 - 12; PCR products amplified with primers Ps and P, 54, P4 and P,, 


and P, and P, from X, , respectively. 
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SpltNPV and deleted in SpliNPV, and ORF22 of A; 
clone shares 100% identity with that of SpltNPV. 
Interestingly , ORF23 of A, clone shares 97% identity 
with that of SpliNPV, while 88% identity with that of 
SpltNPV (Table 2). 
3.3 Genotypic polymorphism of SpltNPV 
According to polyhedrin sequence, F,belongs to 
SpliNPV type. As for the region of ORF18 - 
ORF23, the identities between F, and SpliNPV are 
all higher than those between SpltNPV and F,. X, 
belongs to SpltNPV type and the corresponding 
identities of X, and SpltNPV are all higher than those 
of X, and SphNPV, but 387 bp is deleted at 172 — 
558 nt of ORF20. Interestingly, although X, 
belongs to SpltNPV type, in ORFI8 - ORF23 
region, the identities of X,; and SpltNPV are lower 
than those of X,; and SphNPV. Above all, as a 
SpltNPV unique ORF, ORF22 is deleted in Xj 
genome. Similarly, A; belongs to SpliNPV type, and 


Table2 Identities of nucleotide and amino acid sequence of ORF18 — ORF23 between 
some clones and SpltNPV or SpliNPV 


nt (46) ORF18 
aa (% ) SptN As F; X3 Xis SpiN SptN A; 
SptN 91 91 99 91 91 91 
As 95 100 91 100 100 96 
F; 95 100 91 100 100 90 99 
X; 100 95 95 91 91 99 95 
Xis 95 100 100 95 100 96 100 
SpiN 95 100 100 95 100 96 100 
nt (% ) ORF21 
aa (% ) SN A F Xs Xs SpiN SpN A, 
SptN 99 90 99 90 89 100 
As 99 91 98 91 90 100 
F; 92 93 90 99 99 x x 
X; 99 99 93 90 89 99 99 
Xis 92 93 99 92 99 X X 
SpiN 89 89 95 89 95 x X 


SptN: SpltNPV; SpiN: SpliNPV; nt; Nucleotide; aa; Amino acid. 


the corresponding identities in ORF18 - ORF20 region 
between A, and SpliNPV are higher than those between 
A, and SpltNPV, but the identities of ORF21 - ORF22 
between A, and SpliNPV are lower than that between 
A, and SpltNPV. The identity of ORF23 between A, 
and SpliNPV is higher than that between A, and 
SpltNPV. ORF22 only exists in SpltNPV genome and 
lost in SpliNPV genome, but it appears in A, genome. 
ORF22 in A, genome shares 100% identity with that in 
SpltNPV genome (Fig. 2). All these results suggested 


ORF19 ORF20 
Fy X; Xi SpiN SptN As Fy X; Xis SpiN 
90 99 91 90 84 84 99 84 84 
99 90 99 99 83 100 87 100 99 
90 99 99 83 100 87 100 99 
89 90 90 98 86 86 87 87 
99 95 99 83 100 100 86 99 
99 95 100 82 99 99 85 99 
ORF22 ORF23 
F; X, Xis SpiN SptN As F; X, Xs SpiN 
x 99 X X 88 87 99 86 86 
x 99 x x 88 98 88 97 97 
X X X 87 98 87 99 99 
x x x 99 88 87 86 86 
x x x 87 98 99 87 99 
x x x 85 96 97 85 97 
that SpltNPV in the wild possess genotypic 


polymorphisms, and moreover, the genomes of these 
virus clones with the same genotype have significant 
differences. 


4 DISCUSSION 


SpltNPV is the 
alphabaculovirus (King et al., 2011). It has a variety 


in the wild based on the 


member of  Baculoviridae, 


of stocks restriction 
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polh ORF19 


ORF21 ORF23 
F, SpliNPV 一 — 一 一 
ORF18 ORF20 
387 bp deleted 
polh ORF19 ORF21  ORF22 ORF23 
X, SpNPV ——>-.---:- — — 一 
ORF18 ORF20 
polh 
SpItNPV _ 
X; ORF19 
ORF21 ORF23 
SpliNPV "eco — — —DA ÁÁ e 
ORF18 ORF20 
polh ORF19 ORF23 
SpliNPV pe — > — — —Àà ———— 
A, ORF18 ORF20 
ORF21 
SpItNPV 一 


ORF22 


Fig. 2 Genome diversities of SpltNPV A; ，F ，X; and X,,clones 
polh: polyhedrin. The dots indicate the omitted ORFs, and the arrows show the gene encoding direction. 


endonuclease (REN) patterns of viral genomic DNA. 
Even in the stocks collected within the same district, 
there were still some submolar bands to some extent in 
REN patterns of viral genomic DNA, suggesting that 
the wild virus stocks contain many isolates, some of 
which may even belong to different virus species. Of 
nine SpltNPV isolates collected from Asia and an 
Egyptian isolate of S. littoralis NPV, the submolar 
bands in REN analysis were detected in 6 isolates 
( Takatsuka et al., 2003 ). 
contained representatives of three virus groups ( I, Il 
and I) and the Chikugo stock contained two different 
groups ( Ill and IV) ( Maeda et al., 1990). Kamiya et 
al. (2004) isolated A and B genotypes from the 7th 
stock AI-A-S, and B and C genotypes from the 17th 
stock GI-G3-F. We also isolated SeNPV, SpliNPV and 
SpltNPV genotypes from the Ogasawara stock ( Liu et 


The Ogasawara stock 


al., 2011). The existence of these different viruses in 
the wild stocks may assist in the propagation of progeny 
viruses when the original virus stock is ingested by 
different insect hosts. 

The homologous recombination of intra-specific 
and inter-specific in Baculoviruses occurred after per 
oral infection host larvae, and result in the generation 
of a new recombinant virus ( Mufioz et al., 1997; Jehle 
et al., 2003 ). 
SpltNPVs were classified into three distinct types, 
designed as type A ( SpliNPV), type B ( SpltNPV) 
and typed C ( SeNPV) , respectively ( Kamiya et al., 
2004; Liu et al., 2011). The homologies between type 
A and type B were higher with 94% -95% polyhedrin 


nucleotide sequence identities and 98% — 10096. amino 


According to the previous study, 


acid sequence identities. In contrast, the homologies 


between type C and type A or type B were lower, only 
76% — 789% polyhedrin nucleotide sequence identities 
and 81% -82% amino acid sequence identities ( Liu, 
2010). This study has proven that the homologous 
recombination may happen between SpltMNPV and 
SpliNPV in the wild, and correspondingly generate new 
whether the homologous 
recombination occurs between type C and type A or 
type C and type B need further study. 

SpltNPVs from the wild possess not only genotypic 


viruses. However, 


diversity but also phenotypic diversity. Comparative 
characterization with S. litura cultured cells and larvae 
showed that the biological properties with respect to 
productivity and virulence differed significantly not only 
among the types of SpltNPV but also among the 
variants within a SpltNPV type, demonstrating that 
SpltNPV-C caused rapid mortality of S. litura larvae 
compared with those clones of type A or type B 
SpltNPV ( Kamiya et al., 2004; Zhu et al., 2004). 
Droplet feeding bioassays of virus clones isolated by in 
vivo cloning technique against the 3rd instar larvae of 
S. litura showed significantly different biological 
activity based on the infectivity and survival time of 
infected larvae ( Guo, 2005), suggesting that the 
genotypic diversity plays an important role in retaining 
progeny different 
conditions, and we can exploit and utilize the natural 


viruses under environmental 
heterogeneity of baculoviruses to develop NPV strains 


suitable for the control of S. litura. 
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目 然 界 斜纹 夜 蛾 核 型 多 角 体 病毒 的 基因 型 多 态 性 


-六 1 ， 2 1 yy 1,* 
x Hey, ROME, aR 
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摘要 :【 目 的】 从 基因 组 序列 角度 进一步 揭示 自然 界 斜纹 夜 蛾 核 型 多 角 体 病毒 ( Spodoptera litura 
nucleopolyhedrovirus ，SpltNPV ) 的 基因 型 多 态 性 。[【 方 法] 病毒 克隆 A, F,,，X; 和 Xi; 分 别 以 活体 克隆 法 分 离 自 
SpltNPV 埃及 株 、 日 本 福冈 株 和 日 本 小 笠原 株 。 根 据 SpltNPV 基因 组 全 序列 (GenBank 登录 号 : AF325155 ) 和 海 灰 
翅 夜 蛾 核 型 多 角 体 病毒 (S$.，littoralis NPV, SpliNPV) 部 分 基因 序列 (GenBank 登录 号 : X99377, X99376 和 X98924 ) 
设计 引物 , PCR 扩 增 获得 As, Fi, X; 和 Xi 的 多 和 角 体 蛋白 (polyhedrin, polh) 基因 和 ORF18 ~ ORF23 序列 。【 结果 】 
根据 多 角 体 蛋白 基因 序列 ,， X, 和 Xis 属 于 SpltNPV 型 , mi A, RIF, 属于 SpliNPV 型 。 将 As, Fi, X 和 Xi 的 ORF18 ~ 
ORF23 与 SpltNPV 和 SpliNPV 相应 的 基因 序列 进行 同 源 性 比较 。 结 果 发 现 , F, 与 SpliNPV 以 及 X, 与 SpltNPV 的 核 
苷 酸 序列 相似 性 高 , 但 X, 的 ORF20 在 172 ~ 558 nt 处 缺失 387 bp. RAKES AAE ABA RS Xi; 属于 
SpltNPV 型 , 但 对 于 ORFI8 ~ ORF23 序列 ，Xis 与 SpliNPYV 的 相似 性 高 于 与 SpltNPV 的 相似 性 。 同 样 ，A; 属于 
SpliNPV 型 ，ORF18 ~ ORF20 与 SpliNPV 相应 的 核 苷 酸 序 列 相似 性 高 , 但 ORF21 与 SpltNPV 相应 的 核 苷 酸 序列 一 
致 性 为 100% , 特别 是 ORF22, SpltNPV 的 特有 序列 出 现在 As 的 基因 组 中 ,而且 与 SpltNPV 的 ORF22 一 致 性 为 
100% ; 反 过 来 ,， ORF23 又 与 SpliNPV 相应 的 核 昔 酸 序列 相似 性 高 。【 结 论 】] 所 有 这 些 都 表明 , SpltNPYV 在 自然 界 不 
仪 存在 基因 型 多 态 性 , 而 且 即 使 属于 同一 基因 型 , 它们 的 基因 组 序列 也 有 显著 差异 。 可 利用 SpltNPYV 在 自然 界 的 
这 种 异 质 性 筛选 适宜 防治 笠 纹 夜 蛾 幼虫 的 株 系 。 
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